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Introduction
Diffusion-weighted image (DWI) can detect the changes in water diffusion and it has been well documented that the DWI can distinguish between cytotoxic oedema and vasogenic oedema. It has proven useful in the evaluation of ischemic stroke and is also becoming increasingly useful in the evaluation of a wide variety of other disease pro-*Corresponding author. Tel.: +82-31-910-7277; fax: +82-31-910-7368.
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cesses including neoplasms, intracranial infections and traumatic brain injury. DWI studies in animal experiments and human with partial status epilepticus (PSE) have demonstrated the decrease of apparent diffusion coefficient (ADC) value in the epileptogenic foci, indicative of cytotoxic oedema. [1] [2] [3] [4] [5] [6] However, blood-brain-barrier (BBB) breakdown and subsequent vasogenic oedema have been reported in humans and animals with PSE. 7, 8 Moreover, in several MRI reports of human with PSE, the vasogenic oedema has been thought as the most probable mechanism for the reversible lesion. 9, 10 Figure 1 (A-D) Initial MRI performed on the day after the thrombolysis was unremarkable except for an increased signal in the left MCA (empty arrow). (E-H) MRI obtained at 32 h after the seizure onset. T2WI, DWI and ADC showed abnormal signals in the left temporo-parietal areas, suggesting vasogenic oedema. However, a very small area of thin cortical layer showed marked hyperintensity on DWI without increased signals on ADC maps (arrows). MRA showed increased signal in the left MCA (empty arrow). (I-L) Follow-up MRI performed 3 months later showed atrophic changes in the left temporo-parietal area with an increased signal in the underlying white matter (arrow head). MRA no longer showed signal asymmetry in either MCA. MRA (A, E, I); T2WI (B, F, J); DWI (C, G, K); ADC maps (D, H, L). R, right; L, left.
Thus, DWI findings during PSE could be variable, dependent on the predominance of cytotoxic oedema and vasogenic oedema. To the best of our knowledge, diffusion changes suggesting predominant vasogenic oedema during PSE have not been documented by DWI studies. We report a case of PSE in which DWI studies showed predominant vasogenic oedema in the epileptogenic area.
Case history
Seventy-six-year-old woman without a previous history of seizure was admitted to the emergency room because of right hemiplegia and global aphasia, which developed 1 h before admission. Emergency CT scan did not reveal any remarkable findings and intravenous thrombolysis with r-tPA was performed under the impression of ischemic stroke in the territory of left middle cerebral artery (MCA). After thrombolysis, the right hemiplegia completely resolved, but sensory aphasia persisted. MR angiography (MRA) performed on the day after the thrombolysis showed the recanalized left MCA (Fig. 1A) . T2-weighted image (T2WI), DWI, and ADC maps were unremarkable (Fig. 1B-D) . The patient was discharged on anticoagulation therapy, but sensory aphasia of a mild degree persisted but with decreasing severity.
After 1 month later, she was readmitted because of aggravated sensory aphasia, confusion, right hemiparesis, and brief, recurrent attacks of clonic movement in right upper extremity without generalized tonic-clonic movement. EEG performed at 28 h after the seizure onset showed periodic sharp waves with brief runs of low voltage fast activities in the left temporal, parietal, and occipital electrodes, compatible with PSE ( Fig. 2A) . MRI performed at 32 h after the seizure onset showed increased signal in the left temporo-parietal area on T2WI, DWI, and ADC maps ( Fig. 1E-H) . However, a very small area of thin cortical layer showed marked hyperintensity on DWI without increased signals on ADC maps (arrows in Fig. 1F-H ). MRA showed an asymmetrically increased signal in the left MCA (Fig. 1E) .
Single photon emission tomography (SPECT) performed 3 days later showed mild hyperperfusion in the left parietal area (Fig. 3) . Phenytoin infusion (1000 mg over 1 h) was started at 1 h after EEG and then maintained with adjusted dose according to serum level. Phenytoin and repeated doses of intravenous midazolam (5 mg) did not correct the clinical and EEG abnormalities and intravenous phenobarbital infusion with loading dose (900 mg) was added on hospital day 10. The periodic sharp waves disappeared on EEG performed after the phenobarbital infusion and her neurologic deficit resolved over several days, except for the sensory aphasia.
Follow-up MRI and EEG were obtained 3 months later. T2WI showed regional atrophy in the left temporo-parietal area with high signal changes in the underlying white matter and a dilated lateral ventricle (Fig. 1J) . The previous abnormal signals on the DWI and ADC maps disappeared (Fig. 1K  and L) . EEG showed localized slowings in the corresponding area (Fig. 2B) . The patient had persistent sensory aphasia of mild degree and recurrent episodes of confusion during follow-up.
Magnetic resonance imaging technique
All MRI studies were performed on a 1.5 T MR unit (Siemens, Erlangen, Germany) with an echoplanar imaging (EPI) capability. Fast spin-echo, T2WI (TR/TE, 4000/96 ms; field of view, 21 cm × 21 cm; matrix, 256 × 192; and slice thickness, 5 mm) was obtained. DWI was obtained in the transverse plane using a single-shot EPI (TR/TE, 5900/159 ms; field of view, 24 cm × 24 cm; matrix, 128 × 128; slice thickness, 5 mm; and two b values, 0 and 900 s/mm 2 ). The diffusion-gradients were applied along the three axes (x, y, z) simultaneously.
Discussion
In our patient, T2WI and ADC maps showed increased signal in the left temporo-parietal region in which EEG showed ictal activities. These findings suggest that vasogenic oedema might have been the predominant pathology in our patient with PSE, although we could not provide ADC values because of technical problems. The high signal intensity on DWI seems to be partially due to the T2-shine through effect considering the high signal seen on T2WI.
Our findings of predominant vasogenic oedema in the epileptogenic area during PSE are in contrast with previously reported DWI findings in human and animal models. In animal models, increased signal on DWI and decreased ADC values, reflecting cytotoxic oedema, were observed in the epileptogenic area. 1,2 These findings were similar to those of acute ischemia. In humans, few MRI studies performed during PSE have documented DWI abnormalities suggesting cytotoxic oedema in the epileptogenic area. [4] [5] [6] The failure of Na + /K + -ATPase, excessive release of excitatory amino acids, and increased membrane permeability are the proposed mechanisms of cytotoxic oedema. 3, 11, 12 However, seizure can trigger acidosis and the breakdown of the BBB, resulting in vasogenic oedema. In animal models, seizures induced by various convulsive agents resulted in BBB breakdown and subsequent oedema, which may have been related to circulatory and metabolic changes. 8 In humans with prolonged PSE, angiography showed a capillary blush in the focal area, in which CT showed the focal cerebral oedema. These findings suggest BBB breakdown and vasogenic oedema in the epileptogenic area. 7 Ictal hyperperfusion might aggravate vasogenic oedema. In our patient, SPECT performed during PSE documented the hyperperfusion in the epileptogenic area (Fig. 3) .
DWI changes suggesting vasogenic oedema have been observed only in the case of PSE reported by Wieshmann et al. 4 However, vasogenic oedema in their case was limited in the remote subcortical area compared with the more widespread area in our patient.
The timing of MRI acquisition after the seizure onset is an important factor determining whether the DWI changes could be the pattern of cytotoxic or vasogenic oedema. The animal experiments showed that the ADC value is maximally decreased at 24 h after the seizure onset. After then it return to the control level between 48 and 72 h, but is not increased compared to the control. 1, 2 In our patient, DWI was obtained at 32 h after the seizure onset and the timing of MRI acquisition is not so delayed compared to those in the previous animal experiments 1,2 and human reports. 5, 6 In other report of nonconvulsive status epilepticus, MRI obtained on the third day of onset showed the cytotoxic oedema. 13 Thus, our DWI finding of predominant vasogenic oedema could not be entirely attributed to the delayed MRI scan.
In our case, diffusion changes suggesting cytotoxic oedema were also observed in the limited area. The very small thin layer of cortex showed marked hyperintensity on DWI without an increased signal on ADC map, reflecting predominant cytotoxic oedema (arrows in Fig. 1F-H) .
Thus, predominant diffusion abnormalities in the epileptogenic area could be either vasogenic or cytotoxic oedema pattern, dependent on the predominance of both types of oedema.
Vasogenic oedema is usually considered reversible in comparison with cytotoxic oedema. However, in our case, some irreversible neuronal damage was evident despite the prominent vasogenic oedema on DWI, as evidence by permanent sensory aphasia of a mild degree and by localized slowing in the left temporal area on follow-up EEG. Furthermore, follow-up T2WI also showed enlargement of the lateral ventricle and sulci in the corresponding area (Fig. 1J) , which had not been found on initial MRI, indicative of regional neuronal loss. This irreversible damage seems to be induced by the coexistent cytotoxic oedema which is largely masked by the prominent vasogenic oedema, but evident in small, thin cortical layer (arrows in Fig. 1F-H) . Another possibility is that the patient might have had recurrent seizure attacks resulting in further neuronal damage, because she suffered from recurrent episodes of confusion during follow-up.
It is of interest that follow-up T2WI showed newly developed high signal intensity in the underlying white matters in left temporo-parietal area. As the signal changes in the underlying white matters were observed only in the limited area of the previous epileptogenic focus, these changes seem to be related to the PSE rather than other pathology such as ischemia. This indicates that the white matter changes as well as cortical atrophy could be the findings of the seizure-induced damage.
In conclusion, vasogenic oedema is commonly associated with PSE. Diffusion changes may be observed as vasogenic oedema as well as cytotoxic oedema during PSE and the recognition of these variable diffusion changes may be important for the diagnosis and understanding of the pathogenic mechanisms.
